Plakophilins are proteins of the desmosomal plaque. Based on the observation that plakophilins localize not only to desmosomes but also to the cytoplasm and nucleus, additional functions in cell signaling have been proposed. In this issue, Sobolik-Delmaire et al. address the nuclear function of Plakophilin-1. The authors show that Plakophilin-1 interacts with ssDNA in vitro and may have a function in protecting cells from DNA damage.
Desmosomes have long been regarded as structures that simply glue cells together and anchor the intermediate filament network. In line with this idea, inactivation of desmosomal components interferes with the structural integrity of tissues. Plakophilins were originally considered additional nonessential components of the desmosomal plaque, and the importance of plakophilins in desmosomal biogenesis and function has only recently emerged. Like γ-catenin/plakoglobin, plakophilins link desmosomal cadherins to the cytoskeletal linker protein desmoplakin. Moreover, one of the common characteristics of all plakophilins seems to be their ability to recruit desmoplakin to cell borders. Why epithelial cells usually express more than one Plakophilinand how the plakophilins differ with respect to regulating adhesion are not entirely clear. Plakophilin-1 recruits large amounts of desmoplakin, desmoglein, and keratins to the membrane in agreement with its in vivo function in increasing desmosome size and strength in suprabasal cells of the skin (Hatzfeld et al., 2000; Kowalczyk et al., 1999) .
Patients with null mutations in the gene that encodes Plakophilin-1 (ectodermal dysplasia/skin fragility syndrome) have skin-fragility defects and suffer from skin erosions and crusting as well as palmoplantar hyperkeratosis (McGrath et al., 1997) . At the molecular level, impaired recruitment of desmoplakin resulting in a reduced number of small and poorly formed desmosomes and cell-cell separation is observed. These pathological features point to an important role of Plakophilin-1 in stabilizing desmosome structure and function, predominantly in the spinous layer of the epidermis. However, other signs and symptoms of the genetic errors in Plakophilin-1 include abnormalities in ectodermal development with growth delay, hypotrichosis or alopecia, hypohidrosis, and nail dystrophy, which are not well understood.
Although so far no animal model for Plakophilin-1 deficiency has been described, Plakophilin-3 knockout mice have been generated. In these mice, desmosomes were altered in the basal layer of the epidermis and were essentially absent from the basal layer of the outer root sheath of hair follicles and from the matrix cells, leading to hair coat abnormalities. Moreover, Plakophilin-3 appeared to be involved in limiting the inflammatory response in the skin (Sklyarova et al., 2008) . The knockout of Plakophilin-2 revealed that this protein is essential for cardiac desmosome formation, which relies solely on Plakophilin-2, and heterozygous mutations in Plakophilin-2 are a common risk factor for arrhythmogenic right ventricular cardiomyopathy (Gerull et al., 2004; Grossmann et al., 2004) . These observations indicate that plakophilins are essential for structural integrity and for modulating the composition and characteristics of desmosomes.
Plakophilins are found not only in cell contacts but also in the cytoplasm and the nucleus. We have a poor understanding of what regulates their localization and trafficking between the subcellular compartments and their nuclear function(s) in general. In this issue, Sobolik-Delmaire et al. address the question of what directs Plakophilin-1 into the nucleus. Using deletion mutants and chimeric proteins in which domains were nuclear localization signal-swapped between Plakophilin-1 and Plakophilin-3 (which reveals a much less pronounced nuclear localization compared with Plakophilin-1), the investigators identify a region in the Plakophilin-1 N-terminal domain that appears important for directing the protein to the nucleus. Because no classic nuclear localization signal can be identified, the mechanism by which Plakophilin-1 enters the nucleus remains unknown. The nuclear localization was apparent in proliferating HaCaT cells that lacked cell contact in the absence of Ca 2+ but not in differentiated HaCaT cells, suggesting that the nuclear localization/ function correlates with or even promotes cell growth.
Because Sobolik-Delmaire et al. (2010) were unable to identify nuclear proteins as Plakophilin-1 interaction partners, they hypothesized that DNA could be responsible for the observed Plakophilin-1 nuclear retention. Using in vitro affinity purification, they found an association of Plakophilin-1 with ssDNA cellulose but not dsDNA cellulose and also with dG-oligomers, supporting their hypothesis that Plakophilin-1 might associate with ssDNA in the nucleus. Although this is an intriguing observation, further tests and functional assays are required to validate this hypothesis. As a cautionary note, vimentin-an intermediate filament protein with a positively charged head domain-was also found to associate with ss-but not dsDNA in vitro (Traub et al., 1992) , but a functional relevance of this interaction could never be proven. Another question that arises in view of the recently described functions of Plakophilin-1 and 3 in translational control (Hofmann et al., 2006; Wolf and Hatzfeld, 2010; Wolf et al., 2010) is whether the preferential nucleic acid binding partner of Plakophilin-1 in vivo is indeed ssDNA or, instead, RNA. Unfortunately, RNA has not been tested as a putative binding partner. The interaction of Plakophilin-1 with components of the translational machinery was mediated by proteinprotein interactions and was not dependent on the presence of RNA, as demonstrated by RNAse treatment in pulldown assays and by the association of Plakophilin-1 with translation initiation factors during affinity purification with the 7-methylguanosine (m 7 GTP) cap structure (without an associated mRNA) as bait (Wolf et al., 2010 The nucleolus is the organelle of the cell nucleus where the transcription and processing machineries that are responsible for generating ribosome subunits are located. Nucleolar hypertrophy and increased ribosome biogenesis have been observed in all mammalian cells stimulated to proliferate, thereby meeting their need for high translation rates and increased protein synthesis. In fact, cell proliferation appears to be closely coordinated with nucleolar function. On the other hand, cells rapidly downregulate the synthesis of rRNA during the stress response. This is mediated by TIF-IA phosphorylation via JNK2 (c-Jun N-terminal kinase 2), which prevents the interaction of TIF-IA with RNAPol-I, inhibiting the transcription of rRNA (Boisvert et al., 2007) . Accordingly, TIF-IA was found to relocate from the nucleolus to the nucleoplasm in response to stress. A release of nucleolar proteins into the nucleoplasm upon exposure of cells to DNA damaging agents has been observed for other proteins, including poly(ADP-ribose) polymerase-1 (Rancourt and Satoh, 2009). Other proteins, however, appear to translocate into the nucleolus upon stress, as described for plant eIF4A-III, a putative component of the exon junction complex (Koroleva et al., 2009) . A possible explanation is that certain mRNAs remain bound to eIF4A-III under these conditions rather than being transported from the nucleus to the cytoplasm, thus preventing these mRNAs from being translated under certain stress conditions. Although this mechanism has not yet been validated in mammalian cells, it is tempting to speculate that a similar machinery could also work in the context of mammalian stress responses and that Plakophilin-1 could modulate this response via an interaction with eIF4A-III, a close relative of its inter action partner eIF4A-I (Wolf et al., 2010) .
The data presented in the paper by Sobolik-Delmaire et al. (2010) pre sent an interesting and novel starting point for addressing Plakophilin-1 nuclear function. However, further experimentation is required to validate their findings and hypotheses and to address the functional relevance. The most important points relate to the specificity of the Plakophilin-1-ssDNA interaction and the nucleolar localization/translocation. Is the interaction specific for ssDNA or does Plakophilin-1 also interact with RNA? Is there any sequence specificity or sequence preference? Is the nuclear compartment to which Plakophilin-1 is translocated after cell stress indeed the nucleolus? Which types of stress can induce such a translocation? In addition, functional assays must address the role of Plakophilin-1 in ssDNA binding during DNA repair and its proposed role in suppressing ribosomal biogenesis after translocation into the nucleolus. Such studies will help to elucidate the role of the nuclear pool of Plakophilin-1 in genetic skin disease as well as resolve a putative contribution in tumorigenesis, as suggested by the findings that Plakophilin-1 (and Plakophilin-3) expression is elevated in some tumor samples (Wolf and Hatzfeld, 2010) .
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ReFeReNCeS
• Concepts of protein function have expanded with the new knowledge that a single protein may have two or more distinct roles within a cell.
• This expanded concept now includes the plakophilins, which were first identified as structural proteins of the desmosomal plaque.
• Based on the observation that plakophilins localize not only to desmosomes but also to the cytoplasm and nucleus, additional functions in cell signaling have been proposed.
• Sobolik-Delmaire et al. show that plakophilin-1 interacts with singlestranded DNA in vitro and suggest that it may even protect cells from DNA damage.
was first recognized for its innate immune actions (Fossiez et al., 1996) , consistent with its rapid production in response to microbial infections. For example, IL-17 has been shown to play a crucial role in host defense against Staphylococcus aureus skin infections (Ishigame et al., 2009) . This is consistent with the observation that T cells from subjects with hyper-IgE syndrome, which is characterized by recurrent and often severe pulmonary infections, eczema, staphylococcal abscesses, and mucocutaneous candidiasis, do not produce IL-17 (Milner et al., 2008) . Studies in recombinase activating gene (RAG)-deficient mice, which lack B and T cells, demonstrated that IL-17a could still be produced in response to IL-23, suggesting that there were non-T-cell sources for this cytokine (Uhlig et al., 2006) . This work was followed by multiple publications that demonstrated several cell types found within skin and mucosal surfaces produce IL-17a as part of an innate immune response (Cua and Tato, 2010) . Therefore IL-17a can be considered part of both an innate and an adaptive immune system.
Immunologic classifications of allergic disorders
Allergic disorders affect up to 30% of the populations in developed countries and are caused by aberrant immune responses to allergens and other environmental stimuli. Current thinking has led to the recognition of at least two variants referred to as "atopic" (or extrinsic) and "nonatopic" (or intrinsic), which is probably best studied in asthma. Atopic asthmatics have more Th2-type airway inflammation characterized by IL-4-, IL-5-, and IL-13-secreting cells that result in tissue eosinophilia and increased serum IgE levels, whereas nonatopic asthmatics are characterized by increased IL-8-producing cells and tissue neutrophilia without elevations of IgE (Amin et al., 2000) . It has been suggested that IL-17a expression observed in some asthmatics is responsible for the tissue expression of CXCL8 and neutrophilia that is characteristic of the nonatopic variant. All individuals with atopic dermatitis (AD) are characterized by a lack of Hatzfeld M, Haffner C, Schulze K et al. (2000) The function of Plakophilin-1 in desmosome assembly and actin filament organization. J Cell Biol 149:209-22
